Characterization and mechanism of glutamate neurotoxicity in primary striatal cultures.
Excitatory amino acids may play a role in the pathogenesis of cell death in neurodegenerative diseases, including Huntington's disease (HD). In an attempt to develop a tissue culture model for HD, the toxicity of glutamate was examined in primary striatal cultures derived from newborn rats. Morphological criteria were used to determine the toxic effects of glutamate in 6-, 12-, and 18-day-old cultures which were examined before and after 1-3 h of exposure to glutamate. Although younger cultures demonstrated little susceptibility to glutamate relative to controls, the number of neurons in older cultures was significantly depleted in the presence of glutamate. Glutamate toxicity was dose-dependent, with an ED50 of approximately 300 microns glutamate, and a maximal effect was observed within 3 h of initial exposure. Affected neurons demonstrated somal swelling within 1 h of glutamate exposure and disruption of neuritic processes and somal integrity within 3 h. Cell death was significantly increased by raising the extracellular calcium concentration and could be decreased by the addition of magnesium to the incubation medium. Moreover, the N-methyl-D-aspartate (NMDA) receptor agonist, quinolinic acid, showed a toxicity profile similar to that of glutamate. The NMDA receptor competitive antagonist, 2-amino-5-phosphonovalerate (APV) significantly reduced toxicity, albeit incompletely. An additional component of glutamate mediated toxicity in striatal cultures could be explained by activation of non-NMDA receptor subtypes. These in vitro studies indicate that glutamate is toxic to a subset of mature striatal neurons in the absence of a glutamatergic afferent input, and that this toxicity is mediated partially by the NMDA receptor, with an additional component due to non-NMDA receptors.